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Introduction 

Since  the  conspicuous  dying  out  of  eelgrass  (Zostera  marina) ,  which  be- 
gan on  the  Atlantic  coast  of  North  America  in  1931  and  was  largely  accomplished 
by  the  winter  of  1932,  the  Biological  Survey  has  kept  close  watch  of  the  situa- 
tion to  note  the  effects  of  its  disappearance  on  coastal  waterfowl  and  aquatic 
life  in  general.  Though  the  headquarters  of  the  Bureau  are  remote  from  salt- 
water areas,  the  Survey  has  carried  on  pathological  studies  through  cooper- 
ation with  other  organizations  and  individuals  v/ell  situated  for  the  purpose. 
Probably  no  one,  however,  has  been  able  to  inspect  coastal  waters  more  fre- 
quently than  representatives  of  the  Biological  Survey,  certainly  not  over  such 
a  wide  extent  of  territory.  These  men  have  watched  the  progress  of  the  disease 
and  have  noted  the  fluctuations  in  its  destructiveness  at  many  places  and  over 
a  period  of  years. 

Eelgrass,  a  type  of  perennial,  is  a  submerged  salt-water  or  brackish- 
water  plant  of  the  pondweed  family  and  ordinarily  grows  in  dense  mats  on  the 
mud  flats  of  coastal  bays  and  estuaries.  Of  wide  distribution,  it  occurs  on 
the  Atlantic  coast  from  southern  North  Carolina  north  to  southern  Labrador, 
with  outlying  stations  in  southern  Greenland  and  Labrador  and  on  James  Bay  and 
the  west  coast  of  Hudson  Bay  at  Cape  Eskimo,  at  about  latitude  61  degrees.  It 
also  occurs  on  the  Pacific  coast  of  North  America  and  in  northern  Asiatic  waters, 
as  well  as  on  the  European  coasts,  including  those  of  the  northern  Mediterranean. 
There  are  related  species  also  in  both  the  Northern  and  Southern  Hemispheres. 


History  and  Extent  of  Eelgrass  Disappearance 

The  disappearance  of  the  eelgrass  was  extremely  rapid  and  often  seemed 
to  be  accomplished  within  the  short  space  of  a  few  months.  An  apparently  dense 
and  healthy  stand  was  examined  in  the  upper  Chesapeake  Bay,  Maryland,  in  Jan- 
uary 1933,  yet  when  an  inspection  was  made  there  8  months  later,  considerably 
less  than  5  percent  of  the  original  stand  remained  and  this  was  badly  diseased. 
Reports  of  still  more  rapid  destruction  have  been  received  from  other  coastal 
points  in  both  North  America  and  Europe.  In  many  places  where  formerly  the 
plant  was  so  abundant  as  to  impede  coastal  traffic  or  interfere  with  fishing,  the 
disappearance  was  almost  complete  and  over  most  of  the  eelgrass  range  the  de- 
struction was  fully  99  percent  complete. 

Six  to  eight  months  after  the  abrupt  dying  out  was  noted  on  the  Atlantic 
coast  of  North  America,  the  destruction  began  on  the  French  coast  and  has  nov/ 
spread  from  the  eastern  Mediterranean  shore  to  well  up  the  Swedish  coast.  Re- 
ports of  a  considerably  earlier  diminution  have  come  from  places  on  the  British 
Isles,  where  it  is  said  that  a  gradual  decline  in  the  plant  has  been  noticed  for 
perhaps  ten  years  or  more. 

Although  the  disease  has  spread  over  the  plant's  entire  regular  range  of 
Eastern  North  America  and  Europe,  neither  the  Pacific  coast  of  North  America  nor 
that  of  Asia  has  yet  been  affected.  An  Australian  species,  probably  Zostera 
mulleri,  has  been  affected  since  1930,  although  it  is  not  known  to  what  extent  or 
from  what  cause. 

Cause  of  the  Malady 

Many  theories  have  been  advanced  as  to  the  cause  of  the  eelgrass  destruc- 
tion, yet  none  has  been  conclusively  demonstrated  to  be  responsible.  Evidence 
at  present  seems  to  point  to  a  fungoid  disease,  possibly  a  mycetozoan,  isolated 
and  said  by  Dr.  Charles  Renn,  of  the  Woods  Hole  Oceanographic  Institution  and  the 
New  Jersey  Agricultural  Experimental  Station,  to  be  similar  to  a  described 
Labyrinthula.  ^  He  has  described  it  as  being  spindle  shaped,  with  terminal,  often 
branching,  tenuous  pseudopods .  These  ir^inute  organisms,  attached  by  the  filamen- 
tous pseudopods,  are  found  within  the  leaf  blades  and  rootstalks  of  affected 
plants.  More  detailed  experimentation  and  inoculation  tests  will  be  necessary, 
however,  before  it  will  be  certain  that  this  is  the  causative  organism.  There  is 
always  the  possibility  that  the  destruction  is  due  to  the  combined  ravages  of  two 
or  more  organisms.  Furthermore,  the  appearance  of  organisms  on  diseased  tissue 
may  be  a  secondary  infection,  or  the  result  of  disease,  and  not  the  primary  cause. 

An  unnamed  fungous  disease  of  the  eelgrass  has  been  recently  described  by 
Dr.  Henning  E.  Petersen,  of  Denmark.  It  is  not  certain  whether  this  is  the  same 
organism  described  by  Dr.  Renn,  although  the  two  seem  to  have  much  in  common. 
Dr.  Petersen  states  thcit  the  mycelium  occurs  in  abundance  in  the  cortex  tissue  of 
the  rhizomes  and  that  the  hyphae,  which  are  usually  2  to  5  microns  broad,  much 
branched,  and  divided  by  transverse  septa,  penetrate  and  kill  the  cells.  He  notes 
that  the  formation  of  the  peritheca  begins  late  in  winter  and  early  in  spring  and 
continues  for  a  time  into  the  summer.  Infection  of  the  young  rhizomes  seems  to 
occur  by  the  invasion  of  hyphae  from  the  older,  infected  rhizomes,  by  infection 


1  Renn,  Charles  E.   Wasting  disease  of  Zostera  in  American  waters.   Nature  134:  416 
illus.,  Sept.  15,  1934. 
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through  the  leaf  bases,  or  directly  by  spores.  Dr.  Petersen  states  that  he  has 
definitely  isolated  this  fungous  organism  and  has  made  positive  inoculation 
tests.  He  states  that  these  facts  have  convinced  him  "that  the  present  fungus 
is  the  cause  of  the  Zostera  disease  and  not  an  accompanying  saprophyte.  Whether 
it  is  a  new  invader  in  the  Danish  waters  or  an  old  inhabitant  having  for  some  un- 
known reason  become  highly  virulent,  must  be  left  as  an  open  question. "2 

For  a  time  it  was  felt  that  the  eelgrass  shortage  was  due  to  a  bacterial 
disease,  and  two  prominent  French  scientists  still  maintain  that  they  have  iso- 
lated the  organism,  although  they  have  been  unable  to  confirm  their  experiments 
by  inoculation  tests.  Some  workers  have  tried  to  correlate  the  periods  of  eel- 
grass  scarcity  with  sunspots  or  with  the  periodic  shifting  of  the  moon's  position 
in  relation  to  the  earth.  Other  hypotheses  have  attributed  the  disappearance  to 
storms,  to  the  changing  nature  of  the  substratum  or  water  levels,  to  temperature 
changes,  drought,  or  increased  salinity,  or  to  oil  or  other  pollution.  These 
and  many  other  factors  have  been  considered.  Evidence  strongly  indicates  that 
the  degree  of  salinity  is  an  indirect  factor.  The  complexity  of  the  problem, 
however,  and  the  rapidity  of  plant  destruction  have  made  this  one  of  the  outstand- 
ing biological  phenomena  of  recent  times. 

Effects  of  Disappearance 


The  effects  of  the  disappearance  of  eelgrass  have  forcibly  directed  atten- 
tion to  its  great  economic  importance  and  to  the  intricate  relation  it  bears  to 
other  forms  of  life.  The  writer  has  pointed  out  in  previous  reports 3  that  the 
plant  has  many  direct  commercial  uses.  It  is  used  as  an  insulator,  in  upholster- 
ing, in  packing,  in  the  manufacture  of  mattresses  and  many  other  articles,  as  a 
compost  for  fertilizer,  for  bedding  domestic  animals,  and  as  a  soil  binder  and 
preventive  of  erosion  on  farms  and  in  coastal  areas.  Important  as  these  uses 
are,  the  greatest  worth  of  eelgrass  undoubtedly  lies  in  its  many  indirect  values 
as  a  food  for  waterfowl  and  as  a  shelter  and  habitat  for  shellfishes,  fishes,  and 
many  interdependent  forms  of  minute  life.  Since  its  disappearance  many  forms  of 
littoral  life  have  almost  disappeared. 

The  plant  is  normally  the  staple  winter  food  of  the  sea  brant  (more  than 
80  percent)  and  is  an  important  food  for  Canada  geese  and  black  ducks,  and  to 
a  lesser  extent  for  scaups,  redheads,  and  other  waterfowl  along  the  coast- 
Whether  due  to  the  eelgrass  shortage  or  not,  it  is  certain  that  concurrently  the 
numbers  of  brant  have  been  seriously  reduced.  The  brant  are  much  less  adaptable 
and  more  restricted  in  their  feeding  habits  than  most  other  waterfowl  and  appar- 
ently have  therefore  been  seriously  affected  by  the  diminution  of  their  accustomed 
food.  Recognition  of  this  situation  has  brought  about  a  close  season  on  this 
bird  for  the  past  two  years.   The  winters  1927-29  seem  to  have  been  a  period  of 


2  Petersen,  .Henning  E.   Studies  on  a  parasitic  fungus  in  the  eelgrass,  Zostera  marina 
L.   Botanisk  Tidsskrift  43  (1):  1-9,  1934. 

3 Gottam,  Clarence.   Disappearance  of  eelgrass  along  the  Atlantic  coast.  Plant  Disease 
Reporter  17  (6):  46-53,  June  1,  1933. 

Eelgrass  disappearance  has  serious  effects  on  waterfowl  and  industry.   U. 

S.  Dept.  Agr.,  Yearbook  of  Agriculture  1934,  Sep.  1430,  191-193,  illus.,  1934. 
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maximum  numbers  of  the  sea  brant,  and  their  decrease  since  then  has  been  precipi- 
tous and  alarming.  In  the  past,  Pamlico  Sound,  North  Carolina,  has  been  the 
principal  wintering  ground  for  this  species.  It  is  extremely  doubtful  whether 
the  winter  1934-35  saw  as  many  as  2  percent  of  the  brant  in  this  section  that 
wintered  there  in  1929-30.  Fortunately  this  reduction  is  neither  so  noticeable 
nor  so  serious  at  all  other  wintering  areas,  although  there  has  been  an  alarming 
reduction  everywhere. 

Past  Periods  of  Scarcity 

It  has  been  recently  developed  that  there  have  been  past  periods  of  eel- 
grass  scarcity;  the  data  indicate,  however,  that  probably  none  has  compared  in 
intensity,  duration,  or  completeness  with  the  present  catastrophe.  Reports  from 
coastal  sportsmen  and  fishermen  indicate  that  1893-94  was  a  period  of  great 
devastation  in  the  plant's  regular  range  along  most  of  the  American  Atlantic 
coast.  By  letter  of  January  25,  1935,  Dr.  Robert  Lami,  assistant  in  the  Lab- 
oratoire  du  Cryptogamie,  Paris,  France,  states  that  along  the  French  coast  an 
important  period  of  eelgrass  shortage  occurred  about  40  years  ago,  which  was 
near  the  time  of  sharp  decline  on  the  western  side  of  the  Atlantic.  Available 
information  indicates  that  in  1908  there  was  a  local  diminution  along  much  of  the 
New  England  coast;  that  in  1889  the  crop  was  subnormal  in  the  Chesapeake  area; 
that  in  1915  it  was  reduced  in  Poponesset  Bay,  Massachusetts;  and  that  in  1913 
the  growth  was  small  in  Pamlico  Sound, 

A  report  on  The  Seaweed  Industry  of  Frances  states  that  1913  was  a  year  in 
which  but  little  eelgrass  was  produced  and  that  in  consequence  the  price  nearly 
doubled.  A  Report  on  the  Present  Condition  of  Eelgrass  on  the  Coast  of  England^ 
states  that  two  definite  periods  of  decrease  in  Zostera  can  be  distinguished: 
One  of  these  was  immediately  after  the  war  (about  1920);  the  other  in  1931  and 
1932,  when  the  plant  so  nearly  disappeared  from  the  North  American  coast.  The 
fact  that  there  have  been  other  periods  of  marked  reduction  in  the  abundance  of 
the  eelgrass  gives  considerable  encouragement  to  the  hope  that  the  present  period 
of  serious  denudation  will  gradually  pass. 

Since  the  first  onset  of  the  disease  the  condition  has  been  most  perplex- 
ing. Some  areas  have  shown  a  definite  progressive  improvement  for  more  than  two 
years;  others  for  a  time  produced  what  appeared  to  be  a  vigorous  new  growth,  only 
to  be  laid  waste  shortly  after;  while  still  other  sections  have  grown  steadily 
worse,  until  the  eelgrass  destruction  seemed  complete.  As  a  result,  there  have 
been  many  former  extensive  beds  where  not  a  single  live  plant  could  be  found. 
Areas  of  slightly  reduced  salinity  have  as  a  rule  experienced  the  best  return, 
though,  of  course,  there  are  many  exceptions. 

Present  Conditions 

Since  November  1934,  the  coastal  area  of  the  United  States  has  been  care- 
fully inspected  to  ascertain  the  condition  of  the  eelgrass  and  to  determine 
whether  an  improvement  or  a  further  diminution  is  taking  place. 


4U.  S.  Dept.  Commerce,  Bur.  Foreign  and  Dom.  Com.,  Daily  Consular  and  Trade  Kept .  no. 
152,  1988-1990,  June  30,  1914. 

5R.  W.  Butcher,  Jour,  du  Conseil  9  (1):  49-65,  April  1934,  Conseil  Permanent  Interna- 
tional pour  1 'Exploration  de  la  Mer. 
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Conditions  have  been  found  extremely  variable,  with  some  areas  decidedly 
worse  than  six  and  twelve  months  before.  Considering  the  coast  of  the  United 
States  as  a  whole,  however,  there  may  be  said  to  be  an  improvement.  While 
characteristics  of  the  disease  are  still  in  evidence  in  every  section,  plants 
in  some  areas  seem  either  to  be  developing  an  immunity  against  the  disease  (if 
there  is  a  causative  organism)  or  else  to  be  appearing  in  a  more  resistant 
strain.  Conditions  are  approaching  normal  in  a  few  localized  small  areas  where 
there  has  been  a  progressive  improvement  for  the  past  two  years. 

In  areas  of  reduced  salinity,  and  also  in  the  southern  part  of  the  eel- 
grass  range  (which  extends  to  southern  North  Carolina) ,  the  plants  are  much 
smaller  and  the  leaves  and  rhizomes  narrower  than  those  observed  in  more  salty 
water  cr  those  occurring  farther  north. 

Eastern  bays  and  sounds. — Examples  of  return  to  normal  are  noted  in 
parts  of  Honga  River  and  Tarr  Bay,  in  Chesapeake  Bay.  Other  areas  in  the  Chesa- 
peake, and  a  few  places  elsewhere,  show  only  a  slightly  less  favorable  return. 
Practically  every  point  inspected  in  the  Chesapeake  north  of  Pungoteague  Creek, 
near  Harborton,  Va. ,  showed  an  improvement  over  conditions  observed  during  the 
past  two  years.  Not  only  was  the  growth  thicker  and  more  widely  scattered, 
but  it  seemed  healthier  than  any  seen  since  the  plants  were  affected  in  1931 
and  1932.  It  is  well  to  state  that  in  some  of  these  areas  of  reduced  salinity 
the  destruction  of  the  plants  v/as  at  no  time  complete,  nor  was.  it  so  severe  as 
in  many  areas  nearer  the  coast.  In  the  Chesapeake  area  and  in  the  Swanquarter 
and  Pamlico  Sound  sections  of  North  Carolina  most  of  the  new  growth  has  come 
from  new  shoots  developing  from  old  rhizomes.  New  rhizomes  were  produced  and 
new  plants  developed.  Some  fruiting  bodies  also  were  produced,  but  the  number 
of  new  plants  formed  from  seeds  was  much  smaller  than  in  coastal  areas  north  of 
Maryland,  where  much  of  the  new  growth  is  from  seed. 

Delaware^  Maryland  and  Virginia. — On  the  ocean  side  of  the  Delmarva 
Peninsula,  in  Delaware,  Maryland,  and  Virginia,  the  bays  are  more  open  and  the 
degree  of  salinity  is  almost  full  sea  strength.  In  that  section  the  eelgrass 
has  made  only  slight  improvement.  During  the  summer  of  1934,  reports  indicated 
some  new  growth,  but  in  several  hours  spent  on  these  bays  during  January  1935, 
not  a  single  live  spear  of  the  plant  was  found  and  no  drifting  material  was 
noted. 

North  Carolina. — On  the  North  Carolina  coast  there  was  a  decided  im- 
provement in  the  growth  of  eelgrass,  although  considerable  disease  was  still 
evident.   A  good  improvement  was  noted  in  this  area  in  the  summer  of  1933,  but 
the  severe  storms  of  August  and  September  cut  some  25  new  inlets  into  Pamlico 
Sound,  and  for  a  time  afterwards  the  area  showed  a  regression  from  recovery. 
While  the  plants  are  probably  not  5  percent  as  abundant  there  as  before  1931, 
the  growth  has  improved  noticeably  over  conditions  of  a  year  ago.   Most  of  it  is 
under  a  foot  long,  but  normally  the  plants  do  not  attain  great  length  in  this 
section.   Some  drift  was  in  evidence,  and  the  limited  numbers  of  waterfowl 
present  seemed  to  be  finding  sufficient  food.   Widgeongrass  (Ruppia  maritima) 
has  spread  considerably  there  during  the  past  4  years  and  now  occupies  much 
of  the  space  formerly  covered  by  the  Zostera.  Throughout  this  area,  as  elsev/here, 
the  best  eelgrass  is  usually  found  on  the  borders  of  the  shoals.   It  seems 
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to  do  best  in  fairly  firm  rich  soil  in  water  from  2  to  5  feet  deep,  but  the 
vigor  of  the  plant  is  reduced  if  the  soil  is  too  soft,  too  hard,  or  too  sandy, 

Mew  Jersey.- — Throughout  the  summer  of  1934,  reports  indicated  a  notice- 
able improvement  in  eelgrass  conditions  on  the  New  Jersey  coast.  Specimens 
were  submitted  that  appeared  to  be  healthy,  indicating  an  improvement  over  the 
serious  condition  that  has  existed  there  since  1931.  In  November,  on  further 
inspection,  a  slight  improvement  was  noted,  but  it  was  apparent  that  there 
had  been  a  setback  or  retrogression  in  recovery.  In  Barnegat  Bay,  v,'here  the 
salinity  is  slightly  reduced,  the  conditions  are  much  more  favorable  than  in 
Great  and  Grassy  Bays  and  other  more  open  bays  farther  south. 

Nev/  York. — On  Long  Island  a  continued  improvement  was  noted.  Shinnecock 
Bay  and  Mecox  Bay,  both  brackish  areas,  have  shown  a  progressive  betterment, 
even  though  disease  is  still  present.  Many  brant  were  feeding  in  these  areas. 
Improvement  was  noted  also  in  Great  South  Bay,  yet  conditions  are  far  from  sat- 
isfactory, while  on  South  Oyster  Bay,  Moriches  Bay,  and  Peconic  Bay  conditions 
were  still  bad,  although  reports  offer  some  encouragement. 

New  England. — Conditions  on  the  New  England  coast  have  been  perplexing. 
A  few  places,  including  Poponesset  Bay  and  areas  near  Woods  Hole,  were  in  a 
poorer  state  in  1934  than  the  year  before,  while  a  few  other  small  sections  have 
noticeably  improved.  The  southern  coast  shov/ed  a  slight  recovery,  while  most 
of  the  area  north  of  Cape  Cod  showed  conditions  about  as  they  were  a  year  be- 
fore. A  fair  stand  of  new  growth  was  detected,  and  in  some  patches  of  fruit- 
ing plants  single  specimens  each  contained  more  than  100  ripening  seeds.  It  is 
apparent  that  under  favorable  conditions  the  eelgrass  would  soon  reestablish 
itself  both  from  seeds  and  from  running  rootstalks.  A  number  of  New  England 
areas  v/ere  noted  where  a  decided  improvement  had  occurred  during  the  summer, 
but  a  recurrence  of  the  disease  had  made  conditions  as  bad  as  before,  the  season 
started. 

Canada. — Reports  from  Canada  indicate  that  improvement  is  less  pro- 
nounced than  on  the  coasts  of  the  United  States.  Some  encouragement  is  given 
however,  as  a  number  of  areas  were  reported  as  slightly  recovering.  .  The  im- 
provement there,  as  farther  south  along  the  Atlantic  coast,  is  more  noticeable 
in  estuaries,  v/here  there  is  decreased  salinity.  In  many  instances  new  growth 
appeared,  only  to  be  laid  waste  a  short  time  later. 

Europe . — Reports  from  observers  in  Europe  indicate  that  on  the  whole 
the  beds  have  been  greatly  depleted,  but  with  much  local  variation.  A  report 
dated  December  31,  1934,  from  T.  G.  Tutin,  an  official  of  the  British  Govern- 
ment, states  that  "In  some  places  practically  none  of  the  plants  remain,  while 
in  others,  often  quite  near  the  former,  they  are  comparatively  flourishing  and 
flowered  well  this  year."  Mr.  Tutin  further  remarks  that  "most  of  the  beds 
show  a  moderately  thick  covering  of  weak  plants  with  short  leaves,  which  flower 
little  if  at  all,"  and  that  he  had  heard  of  only  one  case  of  the  situation 
getting  worse  during  the  year — at  Holy  Island.  His  general  impression  was  that 
there  is  a  slight  improvement.  Dr.  A.  D.  Cotton,  of  the  Royal  Botanic  Gardens, 
Kew,  Surrey,  England,  wrote  that  except  locally  he  could  see  no  general  improve- 
ment in  the  Zostera  situation,  although  he  stated  that  Mr.  Tutin,  who  has  that 
work  in  charge,  has  more  reliable  information. 
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Dr.  Robert  Lami,  of  Paris  (above  referred  to),  states  by  letter  of  Jan- 
uary 25,  1935,  that  parts  of  the  Zostera  beds  of  Europe  are  totally  destroyed 
and  that  in  consequence  there  has  been  much  shifting  of  soil  and  sand.  Some 
areas  that  had  improved  well  in  the  spring  and  summer  suffered  a  serious  set- 
back later  in  the  year,  but  others,  he  said,  continued  to  show  a  good  improve- 
ment, the  best  growth  appearing  in  channels  where  the  plants  are  but  little 
disturbed  by  currents.  In  some  comparatively  small  areas  along  the  French 
coast  he  finds  the  plants  nearly  normal  and  flourishing,  in  some  sections  new 
growth  being  produced  from  seeds,  in  others  largely  from  rhizomes.  He  reports 
a  large  area  on  the  coast  of  Portugal  that  shows  an  encouraging  improvement. 

Dr.  Einar  Lonnberg,  director  of  the  Zoological  Station  at  Kristineberg, 
Sweden,  wrote  on  December  22,  1934,  that,  while  conditions  are  still  bad  along 
the  Swedish  coast,  there  seemed  to  be  indications  that  the  eelgrass  will  recover 
and  that  conditions  are  not  so  discouraging  as  in  the  fall  of  1933.  He  report- 
ed new  growth  from  a  number  of  places. 

A  report  from  Hamburg,  Germany,  states  that  parts  of  the  North  Sea  coast 
are  almost  completely  denuded  of  eelgrass. 

On  the  whole  the  European  reports  indicate  that  conditions  are  still 
bad,  though  probably  slightly  improved  over  those  of  a  year  ago.  It  is  al- 
together too  early  to  predict  what  the  future  of  eelgrass  will  be  along  the 
coasts  of  North  America  and  Europe.  Much  experimental  work  is  needed  to  find 
suitable  substitutes  or  resistant  strains  that  will  not  be  affected  by  the 
disease. 
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